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^^-•Q-fi" M «M ^ ^1, ^ ^7flAlX)^. ^^^= £f^, 

^^-Al ^=^0] ^-OJ^JE. *}o} 7 } 7^ 7]^. 

£. 1 
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^tMS £ ^lS^-El ^1^^ ^"{PHOTOPOLYMERIZABLE 

COMPOSITION AND PHOTOPOLYMERIZABLE FILM PREPARED THEREFROM} 

^ (grating) $^Sr ^-^c|^o.s a>^1o]jl, 

^ ^^HK transmission image) ^ 3 ^(diffraction 

image) ^V^M*}. 

a) ^saj. ^afl-^-fr #;g -g-tij a ^ ^.Tg i^l- #711*1*11* 33$ 

£#*Kr ##^3 S^-i-, ^ #^3M ^#°] ^^^s. # 
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• 



^jisMtH €^ s.&, 7m, sialics., ^33) 

S, =8Ji7lJ|. £ ^^>7l7l *0> -g- c^E^ £<>HH Cfoj:^] A>-g-5S|aL ^tj-. ^ 

W#*H* #^H*1 ^A>-arH ^#*H3^-S: ^^Al^6fl nj- 

53 *3*l7> ^7]^ o}*fl aflo^ ^ Sl^, ^7}^ 

^S7> BB>H^ ^^-7flAl oflui^7> ^7] nfl-g-ofl a^o^S. ^ 

°1 7Hf*>4. 

°H 45}, tHHLV Wtf-S S^l-o] 7 fl*£|JL $Hr*], MS ^-xfl 
7fl 7)11992-44503.^ a) f;^1l^ , b) -fM ^^Hl *tf7>**M 2] 

^ a<S#-fr 7flA]t!:Cf. ^th Sf-ifl ^t^fl *fl 1991-173823:, *(| 1991-14673: , 
^11990-36853:, 2)11989-106153. ^ 1988-112623: , ^ ^ 
7fl08/698,1423.^ cf7> ^#Sl a>3!iElME SEfe- ^j^S 3} 

^ el-cl^oll ^-^-7}^^ ^aH^MS. cii^EflssI- °J}# 

iWfc Wtf-S 5M§#* 7flAl*>ji 014. zle1u>, ol el $ 

S^ti'H *7j4M Sfl^-ol 0^4^ ^-g- £fe 
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*fl<£5H 1/2 #iS>&^oH€-tl[Waldman et a l., "Cationic Ring- 

Opening Phot opolymerizat ion Methods for Volume Hologram Recording", SPIE Vol. 
2689, 1996, at 127] ^2:); 'S^MIbJ-jI I-^-t-c- s £ ofl ^3] a ( spiro _ 

orthoester) ^ ^S-^a-S?KtiLvi]oj B(spiro-orthocarbonate)7> <Wa1?H 

^k3.5\ SUtyi&Q [Expanding Monomers: Synthesis. Characterization, and 
Applications (R. K. Sadhir and R. M. Luck, eds., 1992) 1-25, 237-260]; ^ [T. 
Takata and T. Endo, "Recent Advances in the Development of Expanding 
Monomers: Synthesis, Polymerization and Volume Change", Prog. Polym. Sci., 
Vol. 18, 1993 , 839-870] . v)^ *ll6,221,536JE. 5£tr ^2L& 

^tRf ^-^11- &fei=r(^i[C. Bolln et al., "Synthesis and Photoinit iated 
Cationic Polymerization of 2-methylene-7-phenyl-l,4,6,9- 

tetraoxaspiro[4,4]nonane," Macromolecules, Vol. 29, 1996, 3111-3116] 

nJ-SJ- ^4,842, 968 J-fe 4*^ -frBl^S iM *Bfi» i#*Rr 
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S *)H-gflo) *>^dl ( o]nfl -g-nfl s^V, &-§-, nl^Kg-^ ^7^^ 

<9> v)^ ^16,268,08931^]^, fl-^, >\}^W, ^l^t, 

#s)-^->£-§-# ^is. ^t-MI f-^-*l n l#-§-€ 

^ ^Ti^-i- ^ji, #^jldi» -a-^-i-s)- t^^, 

<ll> 4^1, ^3 ^-^^r ^r^°l VtS-fc-HS. #^1" ^17> 71 

/-I 71^. Jl3f7> ^-i- ^ 5£fe ^ o]S.«-Bl TflS 

€ ##1H3 *0**l-fc 3H4. 

Ml 

<I2> ^71 ^-fr ^§1-7) fl«H £ ^oflA^, 

cl3> 1) §>7l Sj-*H IS] WJ-^ ofalTil Sfe °llB}al7il Sl-^l-, 2) W><?]C1S. 
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<14> 



44 ^>7l 24 tf*K* ***** ** £fe ^ jl€ * > 

$ 3) «tM§ i^*! - 

#7l 7l*fl *W * 1301C«W 30^: ifl*l 14« * 

o> *f|2:€, 4"ir ^l***^ 

<is> [**h*T 1] 

R 1 o o R 6 

[CH 2 = C-C -o-R 2 -X 2 -Rg^X 1 -[R 4 -X 3 - R 5 - O-C-C = CH 2 J b 
<I6> #7] <*H*1, 

< 17 > R 1 « Rfe 44 H £E£r -CH 3 °1^: 



<18> 



<19> 



<20> 



o 

II 

X 1 ^- -0-, -Sr f -SQr. ~ C ~ 



s 
it 



r 11 r 10 r s Y^s - { Ri2 W 

-C- . ^ N (Ba|oFSS).-tR 12 W > ^ n8S R 

x 2 3 x 3 ^ <Q*W j^Msai, ^ltslfe 44 M^^a -c(=o)s- £fe 



<2I> 



C-O- (oH _ s _ ^ _ 0 _ fe R 3 $ r' 2*0.3. M)*H 
^ bfe 44 0, 1 ££tt 2olJL, oH a+b=2°H; 
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(<>H €*Rr x 2 ^ x 3 ^^. ^Hji; 

R, R 12 ^ ^ ^3^5- 



^4, 



I%10 



— <^>-S— (-C 6 H 4 S, 0|ccH tf!S!(C 6 H 4 )S-&X 2 ( X 3 ^ o S o4g)ojo^ 

-0-0~ S — CH 3 -0-<Q>-OCH 3 -hQ-Q> 
R ? £r (d-Cao)^^^. ^Efls, » 

-S-O-OCH3 -S~0-SCH 3 -<3-SCH 3 -0-<3 -S-<3 CHaS- -SCH 8 -hQ 

1 ' * » t » 1 

-CH 2 ~<0> ^ afe cF 8 o|^; 

R 10 ^ R U ^r ^ H, (CrCio)fltti. (CrGo)*l««HM. ^ 



27-7 



7^, SE^r ^S. (C 3 -Cio) A l #^°>^* 3-S*H; 

ni ^l ru ^ nefe 4^ 0, 5Ett 1 20^ ^^jl; 
Ob, n 7 £ n 9 ^ 0, 5&£r 1 01*1 10*1 
ne $ n 10 ^ *W 1 01*1 10^ *^<>lth 
2] 



(R')d . 
-*7l ^H*l ( 

R"^ R4 f^^v)-, SEtt -(CH 2 -CH 2 -0)nu-YoH ; 



Yfe- R'4 H^^, SEfe -CF 3 -, "S0 2 CH 3 5&fe 0 °H I 
nn^r 1 01*1 50*1 

c ^ dfe ^4 0, 1, 2 Hfe 3*1 JI, °1«)1 c+d=3olt}. 



o 



II 



(RO) c - Si (CH 2 ) 3 - NHC - OR* 
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^ Hfe *H3-h!t11 fl-W i so M*. 2) «Klcl(2W 13 3-^ 

20 vfl*l 98 ^ 3) ^-7flA]>ll 0.01 ^*1 10 X^-^. 

-g: *B-3*r ^71 13 STO#£ ^^-7V¥^T #^1^*1 # 

ofl w}^*>7im, R 2 ^ R 5 ^ zJ*J" (CH 2 CH 2 0)n 2 olJi; -S-, -S0 2 -, 

#7] 1^1 ^IH 3*fl ^12:€ <r &3-(^fl ^ * 

^ ^12002-43890^ ^ ^ ^ ^35768531 

#s .«.Bl allSSlfe -§-^ ^ JL^V ^*1« *>-§-^ ^ 2 

3 ^^.AV -^^i-^ -g-^^r ^<hi 3*11 ^ ait^c^ ^ 

§1 *)l212534iL 23 2^*1 80 %, 

2 vfl*l 80#<£%, ^ 0.01 ^} 30f^% ^ 0.1 *-U*l 80^ 

i^Hr £^!-§: #-8:*M 1*1# *fl*l 10^ ^°J: 3t*l-7fl H^Jl 30 *-fl 

*] 7Q°C«\)M 1 v«X| 10*1 *tt ^, ##*HH 10 60% 333 ^ 

TfljL ^a^J o-s.^ 2. 3^3 #t ^112:^ *r &3-. °H, # 7 1 M 
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4j -fMlHM^, -ft-7]^^H> ^Jl^ *eflo)3.( flake) S^r 
^(N.N-clii^ltsle]^), o]<^^.^H <^7]^ ^7>S ^7>1- ^ 

olHS^-E^ 1# 4**1* SX^-. S«r, #7j ^ 

*r*13 -g"*fl^# %HM7]7l ^*H, #S.S.i£#, tq^S-S-nfl^;, 

1# -g-nfli- ji^> ^x] i f^ofl cfl^H i iflx] ioo <£ 

<47> -g- ^°J| 4€ #7UaM1tt 9\n e>ol^ 3L±r 

7flA|^]s.A^ o)7T-^^(Irgacure) 184, °l7>f?-<H 784, d]||s| ^nfl , 
4SfM(Darocure), ^ -*}B_n^ l^- o]Aj-£l g). 
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f^ff*. 2$ -§- oJ ! SE^ ^ *r*l 20 vfl*l 

98 M*. £ ^-7flAl^l 0.01 10 #fr*H * 

£■ ^thS s^#^r 2-4-= fi-i-3-*l ell °1 b , 2(N-^>«># 
3-"M-a- *W*fls>l afl-* *r 214. 

*v°.^ 4, o^t).. ^^i^ #behi, ^m^n, 511= , *im 

^1€€ -fKSLSll, o>3.Bl^ sWir, 2-^-, 4~ SEfe B^-^S.^1€ *13r 

£ B^K*! ^ ^14*31^.2.3.^ 1^ Sfrtf** ^ &4( 

^-ifl s.^^- 7 fl ^12001-24993^ ?J *l|1989-7118£. 

^Aofl 44. tfM S-SMfc ^SMI. ^3?1MB, 4^-£ 

^, * 7iB(- f-a- 0.01 20 f^%^ ^^.s. ^7i-ia- ^ sa^, 

to, £#*fl. f-4 ^ 4* «7>^l g/SLfe ^7>^- ^ $14. 

■& 35:^Mfe M^** ##*l7|7l *fl*^ 7fl^= 
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£ <£tg6fl olsV £o) ^2:^ 7l7fl(^: -frE}*, ITO^, € 

£ ^fl*l 130^1^ 30-S: ^fl*l 14<^ #2iM%<L3-^, 4* *flatf *r 

iodic *im 7)313 ^^3- W 

^ nv^ ^ ^tf. -g- ^ 0.0001 ifl*l 30 mm^ 

<H #«<>1 #^-2-^*1 ^^JL#°1 f-7>*M, *HI** 24*}^ SrS.^*) 71 

**|, #71 -§-$!»-§- XWfe ^ -fr7i^o.a €^K> 

#*1, ^711 neflol^ (grating), S&fe- ^£.71^, 
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A. 



2) ^ 11^^ **** 

1] 

3£3L-& = 100 x (3 33 %Q #S.)/(W& ^ 
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<^la^ i> 

^1 ^ B BH >g £ (GPTMS ) 15g, 3lBsH^H^?KTE0S) 12.78g, *\M 
B^ofls-Al^^CMTMS) 8.36g ^ *>7} sj-^ 2a£l Sj-^-# 9.17g» 2-^1 ^ofl^ 
20mL4 o]i2sltt 20mL<H] -§-^1^. 0.5N ^^r ^-g-^ 5mL» <=>) 
701C^^ €€^1 ^7>t3: ^, ^7]» -B-^]Al7l^ 24^1^ JE^M 7>^ 

= ^ ^ -g-s» 33.53g(^^ ^7]l)ofl EflH^^oj-s.^- s*|#5.3HB 0.168g 
^ Byk301 0.0168g-§- 337j-S}jl 3^*1^1 JEL^^c}-. o] 0.45//m ^-i- 

i 

<*|]S<*ll 2> 

bH^1BB^BbH^a]-*J£(GPTMS) 15g. ^lBeHl^l^fKTMOS) 12.78g, ^ 
esHS-a]^ 8.36g ^ *>7] 5)-^ 2b^l S^t" 12g» 2-^A]oii e]-^. 20mL4 
ol& = 5.*tt* 20mL°fi -g-eflAl^cf. 0.5N ^p-g-^ 6mL» °1 ^^-<^<H] 70'C°fl 

*\ ^7}® ^. ^-^711- ^lAl-7l^ lOAl^V j5U&*H 7>^Sfl 
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^ -g-ofl 35g( ^.^ f-TflH s)#3.?ilMH 0.2g-ir ^7>^ 

<67> <^2:^ 3 5> 

<69> [Sll 







71 El- (*) 




3 


#*M 2a3 Jj-tf 
(10) 


GPTMS (15). TEOS (12.7), MTMS (8.3), 2-"l| ?Mr 
(20mL). o|iE^^f (20mL). 0.5N «§^-g-9lj 
(5mL), sflS^lt^t *|*3.SlMS (0.168g), 
Bvk301 (0.0168g) ais , „ , Q 


32g 


4 


2c^ M 
# (9.2) 


GPTMS (15), TEOS (12.7), MTMS (8.3). 2-HI^-^l <*^* 
(20mL). -Hl^:*(10), TNF(IO), 0.5N ^-LH^^ (5mL). 
EllE^ofl^oj-s.^- sj#S.BllolH (O.llg). Byk301 
(0.0168s). B|H3MMl*l-je.te-(0.08st) 


35g 


5 


# (10) 


GPTMS (15), TEOS (12.7), MTMS (8.3). 2-^^H» 
(20mL), = €1M- (20mL), 0.5N ^^-g-^ 
(5mL). BilBeH) 2]«aHH (0.168g), 
Rvk301 (0.0168^) 


37g 



<70> 2a] 

(CH 3 CH 2 0) 3 -Si -(CH 2 )3-NH-C0 2 -(CH 2 CHo0)7-8-CH 3 

<?i> [sK v <H 2b] 

(CH 3 0) 3 -S i -(CH 2 ) 3 -NH-C0 2 - (CH 2 CH 2 0) 7 -8-CH 3 
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2c] 

(CH 3 CH 2 0)3-Si-(CH 2 ) 3 -NHC02-(CH 2 CH 2 0)3-CH2CH 3 
(CH3CH20)3-Si-(CH2)3-NHC02-(CH 2 CH 2 0)3-S0 2 CH3 

<^A]«m i> 

-^-71 ^l^l -g-^ 2g<>11 «->7] la£l #W ^l^V 

31331MB 1.34g^- -g-sflAm ^-7flAl^ls.A|o] o] 7 >^-o1(Irgacure)'784 0.026g, 
^ ^-7flA]*flo} ^sflw^l^ol 3^1- ^-^§>ol = s.5il^-A>ols. 0.0052g(# *fi 
1/5)* ^71-SV^ JffltiVsBScl-. ^I^- ^<2»^g- 0.450m ^f-Sfl <*W|- 

oH, 200^ ^3llol^7> ■fHMi'M 3-1% 

is}JL 70°C^^ 48*1 # ^SAl^ ^^11 200^ Jf-^tt 2*1^}$ 

70%3 ^ ^I^Jl-i:^ M-BHU&cf. ol ^-ofl t-SH5.>3t)^o 1 l 21*11 nefl 
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<-S*H 2> 

15g £ la^ ^Efo>a€^°lH 10g# #-g-£-7l 

ofl \#JI, fSSif 40g, H3#3.3.<*fl3: 20g, o^HM 784 0.2g -8: ^7RV * 

H«VS>&tf. ^ 0A5/M ^«fl o^aH Jftg 

OH, #«§^ 2:^8 #* 200^ rMMA^} ^fe -frsm^l ^ 

*}5L 50°C*\)*\ 1^?]: ^ ^1 200^ Jf-^-ft ^ *H2*}$i 

<^a]<^1 3> 

^■71 ^lS^l 2°1M JN1 _-g^ 2g<H] ^>7l 3*-«^ la3 #W D fl^ 6 V 

a^HB 1.34g 0.33g* -g-*fl*m °l7HM 784 0.034g, *4 

O.OOOlg ^ 3*V ^€*H^3.3S|^r A WS- 0.0068g» 3J7>*H H^S 
4. ^fM^ 0.45^n ^4*}^ 2^ 

JL 50°C°1H 10*1 32*1^ ^.«| lmm^ Mfc 

^ S € ^1 £ 34. ^ 0.6*3 ^ ^-fr ^ 
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<87> <^H1 4> 

<88> 9-«l^n»>* *fl«*HI l-»W-2-S1*^^fc* A >-§"^ X\)2]f>}51^, #7] 

<89> **^H3 *M <M*JI * W. 0.7%^ ^-fr $ 

50%^ ^ 3^ £-§:-§- q-^ifl$it^. 
<90> <<ii*H 5^1 14> 

<9i> S. 2«fl 7l^fl€ ^ $ ^sM^Mr AV-g-tb *)1*1*> 



27-18 




<92> [2. 2] 





T^-Sfc (g) 




^1 
(mm) 


(«) 


(%) 


5 


3£}-lrir la (1), PMMA (1.5), 

# (4), TCE (2). <>l7HM 784 ( 0.02), 
oHU 31 c (0.0002) 


-gA]ofl 2/40/4 


10.15 


1.5 


60 


6 


35- W la (1). PMMA (1.5), 

(4). TCE (2). ol7>#o1 784 (0.02) 


^H] 2/50/2 


0.1 


1.2 


60 


7 


la (0.8), 2-M-H^-l-^-Alofl^6> 
3^eflo]s (o.2), l-el^ (1.5), IS 
Sit (4), TCE (2), °17>#<H 784 
(0.02)) 


-i*H] 2/60/1 


0.3 


0.6 


70 


8 


la (0.9), N-ul'i (0.1), * 
(1.5), tSSIf (4), TCE (2), 
ol7V^-«>1 784 (0.02) 


-^Hl 2/40/4 


0.2 


0.5 


70 


9 


la (0.9). N-al^ (0.1), A 
2^1 (1.5), o] 7 ]-i?-<H 784 
(0.02). oflU 511 c (0.0002) 


1/70/24 


1 


0.5 


70 


! 10 


Jj-tf*- (5 'lb (2), N-Blti*")* ( 0.1), 
XliM 2^ (1.5).°]7HM 784 
(0.02) 


-^lo)] 1/80/48 


1 


0.3 


65 


11 


(3 'lc (0.9), N-aJ'd^ol-^- (0.1), 

( "°IA (0.1), aflScfl 33 M-g-^ (1.5), 
°l7Hf<H 784 (0.02), nfl^ -i~f- 
(0.0002) 


^Ale4] 1/70/24 


0.5 


0.7 


80 


12 


SJ-W "'id (0.9), N-«1^W# (0.1), 
*fl2:°l] 4^1 (1.5), °\?\^<*\ 784 
(0.02). sic (Q.0002) 


^Hl 1/60/72 


0.5 


0.6 


75 


13 


(5) le (1), <3> NVA (0.1), ^lSofl 131 
(2). °17B^<H 184 (0.01), o)7> 
^■<H 784 (0.01). sflH (0.0001) 


-gAlofl 1/70/32 


0.5 


0.6 


80 


14 


SMfr# (3> lf (0.9), 5S1 
**-8-«>l(2), »l7l-^«H 184 (0.01), °]7> 
784 (0.01) 


41 *M 1/100/120 


0.2 


0.5 


70 



U) PMMA: 1-BHfHB-VaLlUIMm, (2) TCE: H5l#S.5.<Hl ^, <3> NVA: 2(N-?j-B}fl-l- 
<5) ^# la vfl*l If: ^ifl **]*7l| 2112001-45250Jl<H] 7flA]3 ^o.JL tMdtf. 



27-19 




# • 



<95> [3^^ la] 

CH3 O Q CH3 

CHz^i-l-O-CH^Ha-O^-O-^ysOz-^^O-CO-CH^Hz-O-C-LcHa 
<96> [^-^ lb] 

CH 2 ==C-C-0-CH 2 CH 2 — OC-O— \^_J/— S ~"\_/ — °- c °- c H 2 CH 2 — 0-C-C=CH 2 

<97> [^-^ lc] 

O , — , . O 

CH 2 =<p-CO— / \ — S— / \ — OC-C=CH 2 
CH 3 X; = / CH 3 

<98> [sHM Id] 

ex, 

^— C— O— C^Chfe O — C— S— CHjCHj S /^N^S CH2CH2 — S — C — O — CHtCI-fe — O— C 

<99> [^1-^ le] 

\ n 0 0 

y— C— O— CH 2 CH 2 — C -O CH 2 CH 2 • P— CH 2 CH 2 O— C— O CH 2 CH 2 O— C 
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JL52)-] 

tij.^. *fl^ ^ ^r-& *SZL^3i) a]^^, tq^l-eflol-g- 

4 s 
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# • 



R 1 o O R 6 

[CH 2 = C-C-O-R^X^Rg^X 1 — [R 4 -X 3 - R 5 - O-C-C = CH 2 J b 



#7} <*HH. 



o 

II 

X 1 ^: -0-, -S-, -S0 2 -," C ~ 



s 

II 



d9 r 11 r 10 o r s Y^ s ~( Rl2 )"T -p- 

-c- . N A N (ssiojas).— (R ia w ^ n8S r 

R -X 4 X s - O] JL; 

X 2 « X 3 fe ^l^slfe 3^ *W ^3^.3. -C(=0)S- 5E^- 



o 
II 

a ^ 0, 1 J£fe 2o]5L, o)u}| a +b=2c>H ; 
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# • 



R 2 $ R^r AA ^^SLS- (CH 2 0) nl , 



(CH 2 ) ni o, (CHzCHaOK , £ ^ -(CH-CHaOf^ 



R 3 , R 4 ^ R 12 fe AA ^^<L3, 



I 



— <^>-S— (-C 6 H 4 S, 0|CCfl M(C 6 H 4 )£hs. X 2 , X 3 *i2.£. ^§)o|oi 

-O-O-S— CH 3 -OHQ-OCH3 -0~0 

S-(^-OCH a -S -<Q- SCH 3 ~0-SCH 3 -0-(3 ~ s ~0 CHgS- -SCH a -<3 

1 1 * ♦ t I , 

R 8 £ R 9 £r ^3-2-3. (CrC 10 )° a v ^, (CrCio)*lM££. 

R 10 ^ R U -c- AA SMU^S H, (Ci-Coo)^, (QrCio)*l#«ttHa. HLfe 



27-23 



# 



m^] n4^ ikHt 4^ 0, Hb 1 20^] 

n 5> n 7 ^ n 9 fe ^ 0, Stt 1 vfl*l 10^ 3^o]ji; 



O 

(RO) c - Si — (CH 2 ) 3 - NHC - OR" 
(R')d 



#7) *HH, 



R"tt R4 J£b -(CH 2 -CH 2 -0)n u -YoM ; 




Yb R'3\- ^^^14, -CF 3 . -SO0CH3 2L±r 



mrS- 1 *fl*l 50^ ^^o] i; 



c ^ dfe ^ 0, 1, 2 Hi-b 3c»lJL, o]nfl c +d=3°]4. 



r^T 1 * 2] 



• ♦ • 

^8* 1), 2), ^ 3)-^ ^4 1 80 20 98 0.01 10 f 1 

«% 3 0.01 Hfl*l 10 *«*Sl <8v2-3. 3* **£.S. S ^ 
#. 

*A l ^hi sa°H. 

Sj-tJ-A] 1^ sj-^l^H. R 2 £ R 5 7> ^ (CH 2 CH 2 0)n 2 ol3i; X x °l -S-, -S0 2 -. H5)°> 

3«8 ^ t\^f%o]jL; a « b7> *W iol 3^ ^o.s. *Hf, 2^ 
#. 

*n i sa^H. 

ai 22] ^H^-W^^r* £-8-^ *H^3 ^°J^r 

5] 

*ii i ^i sa°H. 
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*n i -m sx°\*\, 

[^T 1 "* 7] 
*J| 1 ^1 Sl<H<*1. 

#7lW*fl7> o^HMCIrgacure) 184, ol>HM 784, ^3-431 . 
8] 

30-g- 14^ >|2:€, 

[St 1 * 91 

zfl 8 *3 *M a* 5E*f ■a**** 3fc*>*H £<H*1 W 
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